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(54) Brush seal 

(57) A brush seal 200, comprises a bristle arrange- 
ment 205 with a plurality of bristles, and a joint 209 se- 
curing the bristles together, plates 201 , 203 flanking the 
bristle an^ngement, and a feature 219 on the plates 
201 , 203 to receive the joint 209. The bristles 205, each 
have a first end and an opposed second end, and the 
plates 201, 203 receiving the bristles therebetween 
each have a first end and a second end. The first ends 



of the bristles extend past the first end of the plates 201 , 
203 and the second ends of the bristles reside between 
the first and second ends of the plates 201 , 203. A meth- 
od of repairing a brush seal 205, comprises removing a 
bristle an-angement 205 from the plates 201 , 203, pro- 
viding a replacement bristle arrangement, and placing 
said replacement bristle arrangement 205 between the 
plates 201. 203. 
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Description 

TECHNICAL FIELD 

[0001] This Invention relates to bmsh seals. Specifi- 
cally, this invention relates to the various components 
that fonm the brush seal. 

BACKGROUND OF THE INVENTION 

[0002] Brush seals are conrtmonly used on gas turbine 
engines. The brush seals typically prevent secondary 
flow in the engine from escaping through a gap between 
a stationary part {e.g.a diffuser case) and a rotating part 
{e.g. a turbine shaft). Brush seals can have other uses, 
such as sealing a gap between stationary parts of the 
engine. 

[0003] A brush seal typically includes packs of wire 
bristles sandwiched between plates. The bristle packs 
and plates are typically welded together to form the 
brush seal. The brush seal must undergo heat treatment 
after the welding step to relieve any residual stresses. 
Heat treatment typbally involves securing the brush 
seal within a fixture, then placing the fixture in an oven. 
The heat treatment process is time consuming and can 
be expensive. 

[0004] The welding step transfomris the discrete sub- 
assemblies of the brush seal into one piece. The one- 
piece arrangement prevents the removal of a sub-as- 
sembly without affecting or damaging the remainder of 
the brush seal. This means a mechanb must replace 
the entire brush seal during maintenance. Replacement 
of the entire brush seal must occur despite the fact that 
only one of the sub-assemblies (typically the bristle 
packs) needs replacement 

[0005] The bristle packs of the brush seal are expen- 
sive. The main factor influencing cost is the amount of 
raw material used. Each individual bristle in the bristle 
pack is a taken from a length of wire. A commonly used 
wire is a 0.002", 0.003", 0.004 or 0.006" (0.05, 0.076, 
0.1 or 0.15 mm) diameter cobalt alloy wire. One type of 
bristle pack can have approximately 5000 bristles per 
linear inch (1 968 per cm). This type of bristle pack clear- 
ly contains a large amount of wire. When used in a 12" 
(30.5 cm) outer diameter single stage brush seal, this 
type of bristle pack can contain approximately 2.6 miles 
(4.2 km) of wire. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention In Its pre- 
ferred embodiments at least to provide a new and im- 
proved brush seal. 

[0007] It is a further object of the present invention in 
its preferred embodiments at least to produce a brush 
seal at a reduced cost. 

[0008] It is a further object of the present invention In 
its preferred embodiments at least to produce a brush 



seal that uses less raw material. 
[0009] It is a further object of the present invention in 
its preferred embodiments at least to provide a brush 
seal that may not require heat treatment, 
5 [0010] It Is a further object of the present invention in 
its preferred embodiments at least to provide a brush 
seal with an extended life. 

[0011] it is a further object of the present invention in 
its preferred embodiments at least to provide a brush 

10 seal with replaceable sub-assemblies. 

[0012] From a first aspect of the present invention pro- 
vides a brush seal which comprises: a bristle arrange- 
ment, including a plurality of bristles and a joint securing 
the bristles together; plates flanking the bristle arrange- 

is ment; and a feature on the plates to receive the joint. 
[0013] From another aspect present invention pro- 
vides a brush seal which comprises: a plurality of bris- 
tles, each having a first end and an opposed second 
end; and plates receiving the bristles therebetween, 

20 each having a first end and a second end. The first ends 
of the bristles extend past said first ends of said plates 
and the second ends of the bristles reside between the 
first and second ends of the plates. 
[0014] From another aspect the present invention 

25 provides a method of repairing a brush seal. The method 
comprises the steps of: providing a brush seal having a 
bristle arrangement secured between plates; removing 
the bristle arrangement from the plates; providing a re- 
placement bristle arrangement; and placing said re- 

30 placement bristle arrangement between the plates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Other uses and advantages of the present in- 
35 vention will become apparent to those skilled in the art 
upon reference to the specification and the drawings. In 
which: 

Figure 1 is a perspective view of a section of a con- 
^ ventional brush seal; 

Figure 2a is a cross-sectional view of a bmsh seal 
of the present invention; 

^ Figure 2b is a perspective view of a section of the 
brush seal in Figure 2a; 

Figure 3a is a perspective view of a section of an- 
other brush seal of the present invention; 

so 

Figure 3b is a perspective view of an alternative ar- 
rangement of the brush seal in Figure 3a; 

Figure 4 is a perspective view of a section of another 
S5 brush seal of the present invention; 

Figure 5 is a perspective view of a section of another 
brush seal of the present Invention; 
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Figure 6 is a perspective view of a section of another 
brush seal of the present invention; and 

Figure 7 is a perspective view of a section of another 
brush seal of the present invention. 

DETAILED DESCRIPTION 

[0016] Figurel displays a conventional annular brush 
seal 100. Although shown as a single stage, the brush 
seal 1 00 could have multiple stages. The brush seal 1 00 
includes several sub-assemblies, namely a back plate 
101, side plate 103 and a bristle pack 105. The plates 
101 , 1 03 flank the bristle pack 1 05. 
[0017] The bristle pack 105 comprises a plurality of 
densely arranged wire bristles. Each of the bristles has 
a first end 107 and an opposed second end 109. While 
extending at an angle to a radial line, the first ends 1 07 
of the bristles reside at the inner diameter of the brush 
seal 1 00. The second ends 1 09 of the bristles reside at 
the outer diameter of the brush seal 100. 
[0018] The plates 1 01 , 1 03 and the bristle pack 1 05 
are welded together to fomi the brush seal 1 00. Specif- 
ically, the outer diameter of the plates 1 01 , 1 03 and the 
bristle pack 105 are welded together to sandwich the 
bristles between the plates 101,1 03. 
[001 9] Figures 2a and 2b display one altemative em- 
bodiment of a brush seal 200 of the present invention. 
Similar to the conventional brush seal 1 00, the brush 
seal 200 includes a back plate 201 and a side plate 203. 
[0020] Differently than the conventional brush seal 
100, the bmsh seal 200 uses a pre-assembled bristle 
assembly. In addition, the bmsh seat 200 has plates 
201, 203 removably secured to each other. Each of 
these features will now be described in further detail. 
[0021 ] The brush seal 200 includes a bristle arrange- 
ment 205. The bristle arremgement 205 includes a plu- 
rality of bristles 207 secured together by a joint 209. The 
bristles 207 could be made from the same cobalt alloy 
wire as the bristles in the conventional brush seal 100. 
[0022] Since the bristle an^angement 205 described 
herein is annular, one could refer to the bristle arrange- 
ment 205 as a bristle ring. The bristle arrangement 205 
could, however, have other shapes. For example, the 
bristle arrangement 205 could have an arcuate (not 
shown) or a linear shape (not shown). 
[0023] The joint 209 extends continuously along the 
outer diameter of the bristle arrangement 205. Prefera- 
bly, the joint 209 is a weld joint. EuropeanPatent Appli- 
cation number 03250864.0 describes in more detail a 
method of making the bristle an^angement 205. The 
present invention could use other methods to produce 
the joint 209. 

[0024] The joint 209 retains the bristles 207 in the bris- 
tle arrangement 205. Differently than the conventional 
bmsh seal 100, the joint 209 obviates the need to weld 
the bristles 207 to the plates 201 , 203. 
[0025] The bmsh seal 200 retains the bristle arrange- 



ment 205 using grooves 211 , 213 in the Inner faces 21 5, 
217 of the plates 201 , 203. When the inner faces 215, 
21 7 of the plates 201 , 203 abut (Figure 2b), the grooves 
21 1 , 21 3 define a cavity 21 9 which receives the joint 209 

5 of the bristle arrangement 205. Although the joint 209 
preferably does not interference fit within the cavity 219, 
the cavity 219 should prevent radial movement of the 
bristle arrangement 205 during engine operation. 
[0026] The inner faces 21 5, 21 7 also forni a gap 221 

10 in communication with the cavity 219. The gap 221 is 
sufficiently large to allow the bristles 207 to extend past 
the plates 201 , 203. Preferably, however, the gap 221 
Is sufficiently small to compress the bristles 207 and to 
prevent movement of the bristle arrangement 205 dur- 

is ing engine operation . 

[0027] As an altemative, the inner faces 215, 217 of 
the plates 201 , 203 at the gap 221 could have features 
thereon to improve retention of the bristle an^angement 
205. Knuris (not shown) are an example of such fea- 

20 tures. 

[0028] The use of the bristle an^ngement 205 high- 
lights one benefit of the present invention. The bmsh 
seal 200 can use shorter bristles 207 than the conven- 
tional bmsh seal 100. The conventional brush seal 100 
25 must weld the bristles 1 07 to the plates 1 01 , 1 03. Since 
the weld is located at the outer dianrteter of the bmsh 
seal 100, the bristles 100 must extend to the outer di- 
ameter 

[0029] The brush seal 200 does not weld of the bris- 
30 ties 207 to the plates 201 , 203. Therefore, the bristles 
207 need not extend to the outer diameter of the bmsh 
seal 200. As seen in Figure 2b, the outermost extent of 
the bristle arrangement 205 is at a position medial to the 
inner diameter and the outer diameter of the bmsh seal 
35 200. 

[0030] The present invention can reduce the length of 
the bristles 207 up to approximately 20%. Using the ex- 
ample above, reducing the length of the bristles in a 12" 
(30.5 cm) outer diameter single stage bmsh seal by 20% 

40 can save approximately 0.5 miles (0.8 km)ofwire. 
[0031] Rather than welding, the bmsh seal 200 uses 
a retainer to secure the plates 201 , 203 together. Spe- 
cifically, the bmsh seal 200 uses a clip 223 to secure the 
plates 201 , 203 together. The clip 223 can have a C- 

45 shape with extensions 225, 227 that engage corre- 
sponding grooves 229, 231 in the plates 201 , 203. 
[0O32] To assemble the bmsh seal, an operator could 
place the back plate 201 in a fixture (not shown). The 
operator would then place the joint 209 of the bristle ar- 

50 rangement 205 in the groove 213. The operator would 
then place the side plate 203 over the bristle arrange- 
ment 205 (ensuring the joint 209 enters the groove 21 1 ). 
The operator would then tighten the fixture to sandwich 
bristle arrangement 205 between the plates 201 , 203. 

55 [0033] Finally, the operator secures the retaining clip 
223 to the plates 201 , 203 with conventional techniques. 
For example, the operator couki set one extension 225 
in the corresponding groove 229. The operator would 
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then deflect the other extension 227 over the back plate 
201 . The operator continues to move the extension 227 
towards the groove 231 . Upon reaching the groove 231 , 
the extension 227 resiles into the groove 231 . 
[0034] The clip 223 should have sufficient strength to 
keep the bristle an-angement 205 between the plates 
201 , 203. The clip 223 could be made from any suitable 
material. With the clip 223 secured to the plates 201 , 
203, the operator can now remove the brush seal 200 
from the fixture. 

[0035] The use of the clip 223 highlights another ben- 
efit of the present invention. The assembly process of 
the brush seal 200 can eliminate the heat treating step. 
Since the assembly process does not weld the plates 
201 , 203 together, the process does not build up resid- 
ual stresses in the materials. As discussed al:>ove. con- 
ventional processes used the heat treating step to re- 
duce these residual stresses. 
[0036] The present invention can use other methods 
to retain the bristle ring between the plates. Figure 3a 
shows one such alternative embodiment. Similar to the 
brush seal 200, the figure shows a brush seal 300 with 
a back plate 301 , side plate 303 and bristle arrangement 
305. The plates 301 , 303 include grooves 311,313 that 
combine to forma cavity 31 9 for receiving a joint 309 of 
the bristle arrangement 305. The abutting plates 301 , 
303 also form a gap 321 for the bristles to extend past 
the plates 301 , 303. 

[0037] Rather than using the clip 223, the brush seal 
300 uses a rivet 333 to secure the plates 301 , 303 to- 
gether. The operator can install the rivet 333 using con- 
ventional techniques. Although described as a rivet, the 
brush seal 300 could use any other suitable fastener 
such as a drive pin (not shown), or a dowel (not shown) 
or spring pin(not shown) inserted into the plates at an 
angle. 

[0038] Figure 3b shows an alternative method of as- 
sembling the bmsh seal 300* with the rivet 333'. Rather 
than just securing the plates 301', 303', the rivet 333' 
also retains an annular support flange 335*. The flange 
335' provkies an altemate method of installing the brush 
seal 300* in the engine. Even though the flange 335' has 
been described as a separate sub-assembly from the 
back plate 301 ', the back plate 301 ' and the flange 335' 
could also be one-piece. 

[0039] Figure 4 displays another alternative embodi- 
ment of the present Invention. Similar to the other brush 
seals of the present invention, the figure displays a 
brush seal 400 with a back plate 401 , side plate 403 and 
bristle arrangement 405. The plates 401, 403 include 
grooves 411 , 41 3 that combine to fomi a cavity 41 9 for 
receiving a joint 409 of the bristle arrangement 405. The 
abutting plates 401 , 403 also fomri a gap 421 for the bris- 
tles to extend past the plates 401 , 403. 
[0040] Rather than using a separate retainer, the 
brush seal 400 uses features on the plates 401 , 403 to 
retain the plates 401 , 403 together Specif cally, the back 
plate 401 includes an upper extension 437 with an an- 



gled surface 439 facing the side plate 403. Likewise, the 
side plate 403 has an angled surface 441 facing the 
back plate 401. 

[0041] The annular side plate 403 has a larger diam- 
5 eter than the extension 437. Therefore, the operator 
must Interference fit the side plate 403 into the back 
plate 401 using conventional techniques. Once assem- 
bled together (as seen in Figure 4), the angled surfaces 
439, 441 of the plates 401 , 403 abut each other. The 
10 orientation of the angled surfaces 439, 441 urges the 
plates 401, 403 together. This orientation helps the 
plates 401 , 403 retain the bristle arrangement 405 ther- 
ebetween. 

[0042] Figure 5 displays another alternative embodi- 
is ment of the present invention. Similar to the other brush 
seals of the present invention, the figure displays a 
brush seal 500 with a back plate 501 , side plate 503 and 
bristle arrangement 505. The plates 501 , 503 include 
grooves 511 , 513 that combine to fornn a cavity 51 9 for 
20 receiving a joint 509 of the bristle arrangement 505. The 
abutting plates 501 , 503 also f omn a gap 521 forthe bris- 
tles to extend past the plates 501 , 503. 
[0043] Differently than the other brush seals of the 
present invention, the brush seal 500 bonds the plates 
25 501 , 503 together to retain the bristle arrangement 505 
therebetween. Suitable bonding techniques include, for 
example, radial or axial welding, brazing and using an 
adhesive such as epoxy. 

[0044] Figure 6 displays another alternative embodi- 
30 ment of the present invention . Similar to the other brush 
seals of the present invention, the figure displays a 
brush seal 600 with a back plate 601 , side plate 603 and 
bristle arrangement 605. 

[0045] Differently than the other brush seats of the 

35 present invention, the brush seal 600 includes a snap 
ring assembly 643 to retain the bristle arangement 605 
between the plates 601 , 603. The snap ring assembly 
643 includes an annular flange 645. The flange 645 can 
have an L-shape in cross-section. One section of the 

^ flange has a groove 647. 

[0O46] The operator assembles the brush seal 600 as 
follows. The operator places the flange 645 In a fixture 
(not shown). Then operator then inserts the back plate 
601 against the flange 645. The operator then places 

^ the joint 609 of the bristle arrangement 605 In the groove 
613 of the back plate 601 . The operator then places the 
side plate 603 over the bristle an^angement 605 (ensur- 
ing the joint 609 enters the groove 611). 
[0047] Finally, the operator finally places one or more 

50 snap rings 649 in the groove 647 using conventional 
techniques. The snap rings 649 keep the side plate 603 
against the back plate 601 to sandwich bristle arrange- 
ment 605 therebetween. 

[0048] Although described as a snap ring, the brush 
55 seal 600 could use any other suitable retainer. Exam- 
ples of suitable retainers include wave washers (not 
shown), retaining rings (not shown) and radially oriented 
dowels (not shown) or spring pins (not shown) driven 
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through the flange 645. 

[0049] Even though the flange 645 has been de- 
scribed as a separate sub-assembly from the back plate 
601 , the back plate 601 and the flange 645 could also 
be one-piece. 

[0050] Figure 7 displays another alternative embodi- 
ment of the present invention. Similar to the other brush 
seals of the present invention, the figure displays a 
brush seal 700 with a back plate 701 , side plate 703 and 
bristle arrangement 705. 

[0051] The brush seal 700 also includes an annular 
support flange 735 for installing the brush seal 700 in 
the engine. The flange 735 mounts to the engine using 
suitable fasteners (not shown). In this embodiment, 
threaded fasteners 751 secure the plates 701. 703 to 
the flange 735. 

[0052] The operator assembles the brush seal 700 as 
follows. The operator places the flange 735 in a fixture 
(not shown). Then operator then places the back plate 
701 against the flange 735. The operator then places 
the joint 709 of the bristle an^ngement 705 in the groove 
71 3 of the back plate 701 . The operator then places the 
side plate 703 over the bristle arrangement 705 (ensur- 
ing the joint 709 enters the groove 71 1 ). 
[0053] Finally, the operator inserts the fasteners 751 
through the aligned openings in the plates 701 , 703 and 
into a threaded hole 753 in the flange 735. The operator 
applies a sufficient torque to the fasteners 751 to keep 
the side plate 703 against the back plate 701 for sand- 
wiching the bristle anangement 705 therebetween. Al- 
though shown as a screw, the bmsh seal 700 could uti- 
lize any other suitable type of fastener. 
[0054] Even though the flange 735 has been de- 
scribed as a separate sub-assembly from the back plate 
701, the back plate 701 and the flange 735 could also 
be one-piece. A similar stand-alone design (not shown), 
incorporating only the plates 701 , 703 and not the flange 
735, could also be produced. This design would require 
the back plate 701 to have sufficient thickness for plac- 
ing a threaded hole therein to receive the fastener. 
[0055] The brush seal 700 highlights another benefit 
of the present invention. The present invention allows a 
mechank: to replace the bristle arrangement 705 without 
replacing the other sub-assemblies of the brush seal 

700. Such replacement can occur after use of the brush 
seal 700 in the engine, or even before actual use. 
[0056] The mechanic replaces the bristle arrange- 
ment 705 as follows. The mechank; removes the fasten- 
ers 751 to detach the plates 701 , 703 from the flange 
735. The flange 735 preferably remains in the engine, 
while the plates 701 , 703 and the bristle arrangement 
705 are removed. Separated from the flange 735. the 
plates 701 , 703 no longer sandwk:h the bristle arrange- 
ment 705. The mechanic can now remove the bristle ar- 
rangement 705 from the grooves 711 , 713 of the plates 

701 , 703. If necessary, the mechanic could have first 
removed the entire brush seal 700 from the engine by 
detaching the flange 735 from the engine, then per- 



fomned the above steps. 

[0057] As an alternative to removing the fasteners 
751 entirely from the flange 735, the mechanic could 
merely loosen the fasteners 751 {i.e. keeping the fas- 
s teners 751 in the threaded hole 753) sufficiently to re- 
move the bristle an^angement 705 from the grooves 71 1 , 
713 of the plates 701 , 703. 

[0058] After removing the bristle anrangement 705, 
the mechanic then obtains a replacement bristle ar- 
10 rangement 705. As a final step, the mechanic reassem- 
bles the brush seat 700 using the aforementioned as- 
sembly process. 

[0059] The present invention has been described in 
connection with the prefen-ed embodiments of the vari- 

is ous figures. It is to be understood that other similar em- 
bodiments may be used or modifications and additions 
may be made to the described embodiment for perfonn- 
ing the same function of the present invention without 
deviating therefrom. Therefore, the present invention 

20 should not be limited to any single embodiment, but rath- 
er construed in breadth and scope in accordance with 
the recitation of the appended claims. 



25 Claims 

1. A bmsh seal (200; 300; 400; 500; 600; 700), com- 
prising: 

30 a bristle anrangement (205; 305; 405; 505; 605; 

705), including: 

a plurality of bristles; and 
a joint (209; 309; 409; 509; 609; 709), se- 
35 curing together said plurality of bristles; 

plates (201 . 203; 301 , 303; 401 , 403; 501 , 503; 
601,603; 701, 703) flanking said bristle ar- 
rangement; and 
40 a feature (21 9; 31 9; 41 9; 51 9; 61 9; 71 9) on said 

plates to receive saidjoint. * 

2. The brush seal as recited in claim 1 , wherein said 
joint (209; 309; 409; 509; 609; 709), is a weld joint. 

45 

3. The brush seal as recited in claim 1 or 2, wherein 
said feature comprises a groove (1 1 1 , 1 1 3; 21 1 , 21 3; 
311, 313; 411, 413; 511, 513; 611, 613; 711 , 713). 

50 4. The brush seal as recited In claim 3, wherein said 
groove (111, 113; 211, 213; 311, 313; 411, 413; 511. 
513; 611, 613; 711. 713), is annular. 

5. The brush seal as recited in any preceding claim, 
55 wherein said bristle arrangement (205; 305; 405; 

505; 605; 705), is annular. 

6. The brush seal as recited in any preceding claim. 
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wherein said plates (201 , 203; 301 , 303; 401 , 403; 
501 , 503; 601 ,603; 701 . 703), are bonded together. 

7. The brush seal as recited in any preceding claim, 
wherein said plates (201 , 203; 301 , 303; 401 , 403; 5 
501, 503; 601,603; 701, 703), are rennovably 
mounted together. 

8. The brush seal as recited in claim 7, further com- . 
prising fasteners (333; 333'; 751 ) for removably se- io 
curing together said plates (201, 203; 301, 303; 
401 , 403; 501 , 503; 601 , 603; 701 , 703). 

9. The bnjsh seal as recited in claim 7, wherein said 
plates (41 1,413) are press fit together is 

10. The brush seal as recited in claim 7, further com- 
prising a retainer (223; 649) removably securing to- 
gether said plates. 

20 

11. The brush seal as recited in claim 10, wherein said 
retainer comprises a clip (223) or a snap ring (649). 

12. A brush seal (200; 300; 400; 500; 600; 700), com- 
prising: 25 

a plurality of bristles, each of said bristles hav- 
ing a first end and an opposed second end; and 
plates (201 , 203; 301 , 303; 401 , 403; 501 , 503; 
601 ,603; 701 , 703) receiving said bristles ther- 30 
ebetween, each of said plates having a first end 
and a second end; 

wherein said first ends of said bristles extend 
past said first ends of said plates and said second 35 
end of said bristles resides between said first and 
second ends of said plates. 

13. The brush seal as recited in claim 12, wherein said 
second ends of said bristles are recessed from said 40 
second ends of said plates. 

14. The brush seal as recited in claim 12 or 13, wherein 
said second ends of said bristles are secured to- 
gether 45 

15. The brush seal as recited in claim 12. 13 or 14, 
wherein said bristles form an annulus. 

16. A method of repairing a brush seal, comprising the so 
steps of: 

providing a brush seal (200; 300; 400; 500; 600; 
700)havlng a bristle an-angement secured be- 
tween plates (201, 203; 301, 303; 401, 403; 55 
501 , 503; 601 , 603; 701 , 703); 
removing said bristle arrangement from said 
plates; 



providing a replacement bristle arrangement; 
and 

placing said replacement bristle an^angement 
between said plates. 

17. The method as recited in claim 1 6, wherein said re- 
placement bristle arrangement comprises a plural- 
ity of bristles secured by a joint. 

18. The method as recited in daim 16 or 17, wherein 
said removing step comprises separating said 
plates (201, 203; 301, 303; 401, 403; 501, 503; 
601 ,603; 701,703). 

19. The method as recited in claim 18, wherein said 
separating step comprises removing at least one 
fastener (333; 333'; 751 ) used to secure said plates 

together 

20. The method as recited in claim 18, wherein said 
separating step comprises removing at least one re- 
tainer (223; 649) used to secure said plates togeth- 
er 
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FIG.3b 
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